Abstract: Moringa oleifera seed extract was confirmed as a feasible coagulant in remov- 
to handle by non qualified personnel and, consequently, adequate for situations of low technological 61 development.
62
The current work presents a study on the removal of the specific contaminant SLES from aqueous 
Results and Discussion

72
As said before, this investigation presents four parts: 1) the preliminary evaluation of the coagulant ac- lower than the rest. This was also observed in similar trials and previous studies [28] . The rest of the 92 surfactants presented a more similar performance from 60-75%, an interesting and promising removal 93 rate that surely must be studied in further works. 
Comparison with other coagulants
95
In order to confirm the feasibility of Moringa oleifera coagulant for water and wastewater treatment,
96
it is needed to compare the effectiveness of such product with other similar and traditional coagulants.
97
That is the case of natural coagulants based on tannin extracts (Silvafloc, Tanfloc, Acquapol C1 and 98 S5T) and the classical aluminium metal salt (namely alum). To this end, equal doses of coagulant (160 99 mg·L −1 ) were applied to solutions of ca. 50 mg·L −1 of detergent. Each trial was performed twice in 100 order to confirm the reproducibility of this study. Figure 2 shows the results whereas the replicability of 101 the trial is presented in figure 3.
102
As both figures depict, the efficiency of Moringa oleifera seed extract is place in the first level of per-
103
formace, it reaches 65% of SLES removal. On the contrary, alum is the least effective coagulant, which 104 presents almost null removal. The rest of coagulants are rather effective with significative differences 105 between Acquapol S5T and the rest of them. These differences may be attribuited to the specific pro-106 duction process of each coagulant (in the case of Acquapol S5T it is presumably the aminomethylation
107
of Acacia mearnsii) and to the purification level of the main material (tannin extract).
108
On the other hand, the reproducibility of the trial is well guaranteed since ANOVA test for indistin- are made and applied previously [29] . So that, adsorption capacity q is included as a measure of the ef-
124
ficiency of the process. q is defined as:
where C 0 is initial surfactant concentration, (mg·L −1 ),
126
C l is equilibrium pollutant concentration in bulk solution, (mg·L −1 ), Figure 3 . Replicability test.
and W is coagulant mass (mg).
130
The first subfigure (1) the charge evaluation, the coagulant is not completely efficient since there is excessive amount of it. As 147 the charge increases, the coagulant tends to be exhausted and the capacity of the system tends to grow, 148 being more efficient therefore. This capacity become almost null once the CMC is tresspassed. variables, but afterwards a desing of experiments is mandatory to obtain a probable optimum response.
176
It offers a better alternative to study the effect of variables and their response with minimum number 177 of experiments [34] . This methodology was widely used in these kinds of chemical processes [35] and 178 offers a powerful tool for evaluating the intrinsic relationships between variables properly.
179
As we have reported in previous works [35] , the data collected must be analyzed in a statistically 180 manner using regression. Accordingly, the test factors must be coded as equation 2 shows:
where χ i is the coded value of the ith independent variable, X i the natural value of the ith independent 182 variable, X x i the natural value of the ith independent variable at the center point and ∆X i is the value of 183 the step change.
184
Each response Y can be represented by a mathematical equation that correlates the response surface.
185
We have selected a Central Composite Design (CCD) which is one of the most popular class of second-186 order design. It involves the use of a two-level factorial design with 2 k points combined with 2k axial 187 points and n center runs, k being the number of factors. n is considered to be 8 and the axial distance is 188 √ 2 in order to guarantee an orthogonal and rotatable design.
189
One of the most important tasks in designing a plan of experiments inside a CCD is determining 190 the variables to be studied and the region in which those variables are expected to present an optimum.
191
The usual way of evaluating these two researching aspects is by carrying out a previous analysis of the 
where D is the coded coagulant dosage and C is the coded charge, initial surfactant concentration. Pareto graphic also gives us an idea of how factors affect on the final response of percentage removal.
contrary. As can be shown, as ISC increases the response is increased as well. This is consistent with
228 the results presented in section 2.2.
229
The evaluation of the CCD model also drives to the study of the main effects of the involved variables.
230
This can be appreciated in subfigure (2). Two curves are drawn representing the effect of varying each 231 variable while the other one keeps constant. The effect of both variables is quite similar since both 232 lines present not relevant differences. An optimum combination appears in the two curves of the studied 233 system, this will drive us to the optimum combination of both variables.
234
Consequently, the fact that interaction does appears between the two studied variables is evident from is even more difficult if one deals with natural products such as Moringa oleifera seed extract, whose 252 intrinsic composition is not completely known. However, the importance of a theoretical argument is 253 more than evident in order to make easier further studies [37] .
254
According to the hypothetical interactions between surfactants and natural polymers, three models where coagulation starts, while CMC is clearly established when the models are not useful any more.
265
The specific behavior of every particular system will vary with the nature of the surfactant and the poly- mer. For modelling the surfactant removal, we will attend to the first stage of detergent adsorption, that is, the one that occurs below CMC, as the second one refers to a completely different mechanism, as said 268 before. According to this, the following arguments are referred just to the first stage of the process, that 269 is, up to CMC.
270
Three theoretical models were considered in this work. The first of them was proposed by Freundlich
271
[39] and was derived from empirical data. It assumes that q capacity is a power function of the equilib-272 rium dye concentration (C l ). Equation 4 express this mathematically:
where 274 n f is the Freundlich adsorption order (dimensionless) .
where θ l is the ratio between the adsorption and the maximum adsorption:
k 12 is the adsorption constant, being a measure of the interaction between surfactant and polymer surface,
281
and χ 12 is the Flory-Huggins parameter [43] .
282
In this model k 12 and χ 12 should be considered as adjustable parameters expressing the affinity for 283 the surface and the lateral interactions in the adsorbed layer, respectively.
284
Zhu and Gu [44] proposed a very simple model for adsorption of surfactant assuming that the adsorbed layer is composed of surfactant aggregates. A surfactant aggregate is formed on the surface before stable aggregates are formed in solution. The model considers that these aggregates are stabilized by the presence of the surface. This model leads to the following equation 7:
where n g is the number of monomers in the surfactant aggregate,
285
and k g is the Gu and Zhu constant for the studied model.
286
Taking into account the definition of θ l , equation 7 becomes to look for theoretical models that fits rather well to experimental data. This is showed in figure 7 Other surfactants were used in the preliminary screening (section 2.1). They were the following ones:
322
• Sodium dodecyl benzene sulfonate (SDBS) C 18 H 29 SO 3 Na.
323
• Sodium dodecyl diphenyl ether disulfonate (SDDED) C 35 H 56 S 2 O 7 Na 2 .
324
• Sodium triethanolamine lauryl sulfate (TEA-LS) C 18 H 40 NSO 4 Na.
325
• Sodium dioctyl sulfosuccinate (SDSS) C 20 H 37 SO 7 Na.
326
• Sodium lauryl sulfoacetate (SLSA) C 14 H 27 SO 5 Na.
327
• POE Sodium sulfated nonylphenol (SSN) C 17 H 28 SO 5 Na. 
